Background: Atrial fibrillation (AF) is a common cardiac arrhythmia, and leading cause of ischemic stroke. Despite proven effectiveness, warfarin remains an under-used treatment in atrial fibrillation patients. We sought to study, across three physician specialties, a range of factors that have been argued to have a disproportionate effect on treatment decisions.
Introduction
Atrial fibrillation (AF) is a common cardiac arrhythmia, affecting 5% of the population over the age of 65 [1, 2] and around 1% in individuals >20 years of age [3] . AF is a leading cause of ischemic stroke, [4] increasing the risk of stroke six-fold [5] and is estimated to account for approximately 15% of all strokes [6, 7] . Consequently, management of AF involves preventing AF-related complications such as stroke.
Management of AF often relies on the administration of antithrombotic therapy. Until very recently, such therapy has chiefly taken the form of antiplatelet drugs, such as aspirin, or anticoagulants including vitamin k agonists such as warfarin. The prescription of warfarin has been shown to significantly reduce the risk of ischemic stroke [8, 9] . However, the use of warfarin requires close monitoring [10] which has been and will remain an impediment to warfarin use [11, 12] . Furthermore, warfarin is itself associated with a small risk of major bleeding [13] . Studies have suggested that warfarin continues to be taken by only 30-60% of appropriate patients [5, 14] . A recent systematic review indicated no clear pattern of improved prescribing practice in 29 studies over a 10 year period [14] . While new oral anticoagulants (OACs), such as dabigatran, rivaroxaban, and apixaban have been developed, [4, [15] [16] [17] [18] and other agents, such as edoxaban, [19] are under review, warfarin is likely to remain an important mode of prevention of strokes in patients with AF, at least in the short-to medium-term. In part this will likely be due to the cost of the new drugs, and uncertainties around their risks in certain sub-populations such as those with poor renal function or intolerance of these new anticoagulants [18] . At the same time, attempts to improve prescribing practice through the use of genotyping prior to prescription have produced mixed results, with limited clinical utility [20] . Given these current uncertainties, improving prescribing practices for warfarin will remain an important element of clinical practice.
To date, a number of barriers to warfarin prescription have been identified. In particular, attention has been drawn to the impact of the perceived risk of the patient falling, with a concomitant risk of bleeds [2, [21] [22] [23] . While some authors have suggested that the perceived risk associated with falls may be overestimated, and that it would require a substantial number of falls for the risks of falls to outweigh the benefits of warfarin prescription, [2, 21] others have noted that trials of warfarin for the prevention of stroke in patients with atrial fibrillation have been highly selective in their recruitment, often excluding patients at high risk of falls or at high risk of stroke [24] . As such, it may be that physicians are forced to extrapolate from trial data that does not match the patient in front of them or rely on personal experience when making decisions in practice. While the risk of falls has been implicated in decisions not to prescribe warfarin, there has, to date, been little research attempting to assess the impact that the perceived risk of patient falls has on the decision-making of physicians when considering the prescription of warfarin for patients with atrial fibrillation.
Other work suggests prior experience with serious adverse events may also affect prescribing practice [22, 25] . This has been argued to stem from the "availability heuristic", [26] a general psychological mechanism underlying many human judgements where the judgment of a particular outcome probability can be based on the ease with which one can recall instances of similar outcomes [27] . Because vivid events are more easily recalled than mundane ones, memory of a single catastrophic bleed event while on warfarin might lead to a generalized overestimation of the probability of bleeding for subsequent patients, and consequently reduced warfarin use. Indeed, a recent meta-analysis concluded that there is a need to consider provider characteristics such as previous adverse events in patients on warfarin, and the extent to which these effects influence prescribing decisions across physician groups [28] .
The aim of this study was to explore these factors that may have a disproportionate effect on warfarin treatment decisions, and to examine whether their effects vary by physician discipline.
Methods

Survey administration
This survey formed part of a larger project that sought to identify factors that influence physicians' decisions around the use of anti-coagulant treatment for atrial fibrillation, and focused on the use of antithrombotic treatment of AF. Physician contact details were obtained from the 2005 Canadian Medical Association Directory. The survey was administered to three samples of Canadian physicians: Family Doctors, Internal Medicine Specialists, and Geriatricians. Internal Medicine Specialists were selected as a broad physician grouping that included subspecialties of interest, such as cardiology, but which could not be selected individually with sufficient confidence, due to variation in the way physicians were categorized. Physicians were included if they were listed as having an "active" practice status, and a specialty code of family or internal medicine. In both cases, a random sample of 500 individuals was selected. In addition to these groups, all physicians whose primary specialty was listed as geriatrics were included (n = 149).
Design and administration was optimized using the Dillman Tailored Design Method, a tested and widely used approach to survey research [29, 30] . In line with this approach, physicians received an initial pre-notification letter. The survey was then mailed one week later together with a covering letter that described the purpose of the study, indicated source of funding, and reported ethical approval from the Ottawa Hospitals Research Ethics Board. Return of the survey was taken as tacit consent. Three reminders and two replacement surveys were mailed to non-responders at two-week intervals. Correspondence was addressed to the individual physicians, and signed by the principal investigator (JCB). In addition, a financial incentive ($20) was provided for completion of the survey. Surveys were completed between June and August 2007.
Survey instrument
The survey was developed and based on a narrative review of the literature in order to gather evidence regarding physicians' self-reported practice, reasoning around warfarin use in practice and attitudes towards previously identified barriers to the prescription of warfarin. Physicians were asked about their engagement with patients with AF, their prescribing practices when seeing a new patient with AF, the situations under which they would not prescribe warfarin, and other potential barriers to the prescription of warfarin. Potential barriers were drawn from a number of sources including the recommendations of physician organizations, CHADS 2 , [31] and the scientific literature; [7, [32] [33] [34] we looked both for factors that were known to be associated outcomes related to treatment with warfarin, or those that were unrelated to outcomes, but which may be thought to be related by some physicians.
Initial instructions indicated that unless otherwise specified, all questions in the survey dealt with patients whose primary reason for seeking medical attention is AF and where AF was defined as established paroxysmal or chronic AF, involving chronic or recurrent episodes over a period of more than 48 hours. Respondents were asked to mark a line on a graded scale ranging from 0-100% to indicate the percentage of their new patients for which they would prescribe different anti-thrombotic therapies. To indicate the items deemed relevant to warfarin use, physicians were asked two questions. The first asked respondents "When you do NOT initiate warfarin (Coumadin) treatment for patients who have chronic atrial fibrillation, what reasons account for this decision?" Six options: patient judged to be of low risk of thromboembolic event (e.g., stroke); bleeding risk (e.g., liver disease); fall risk (e.g., alcohol abuse or frail older); advanced age; expected poor patient compliance in monitoring INR; and monitoring/ management logistical issues, were provided together with an open ended 'other' option.
To explore the role of perceived risk of bleeding on stated prescribing, three vignettes were created (Table 1) . Vignettes reflected cases of low stroke and low falls risk, high stroke and low falls risk, and high stroke and high falls risk, with risk of stroke determined according to the CHADS 2 scale [31] . To examine the potential effect of the availability heuristic on decisions of whether to prescribe warfarin, respondents were also asked about their experience of adverse events due to the prescription or non-prescription of warfarin. The questionnaire is provided in Additional file 1.
Data analysis
Data was entered into and analyzed using IBM SPSS Statistics v19 (SPSS Inc., 2010). A 10% data entry check was conducted by two researchers and indicated a 97.6% concordance, with discrepancies resolved through discussion and reassessment of the returned survey. Descriptive statistics were used to summarize the data from the total sample and the assessment of differences between physician groups. Comparisons between groups were made using χ 2 and Kruskal-Wallis tests as appropriate; with column proportions compared using a z test. A level of p < 0.05 was accepted as significant.
Results
Of the 1149 participants identified 117 were excluded based on the survey being 'returned to sender' , the physician no longer being at that address, or because they did not see patients with Atrial Fibrillation. Consequently, 1032 questionnaires were included in the study ( Table 2 ). The majority of physicians (88%) were under the age of 50 with almost two thirds (66%) of respondents being male. Assessment of non-responders was limited to the information available in the CMA Directory (i.e. sex, location and specialty). Responders did not differ significantly to non-responders on any of these variables.
A total of 335 surveys were returned in which physicians reported seeing at least one patient with atrial fibrillation per year (response rate 32.5%). Of these, 154 (46%) were family doctors, 129 (38.5%) internal medicine specialists, and 52 (15.5%) were geriatricians. Table 3 presents physician responses regarding the percentage of patients with atrial fibrillation to whom they report administering anti-thrombotic therapies. Warfarin was the most common treatment with a mean of 73% of physicians indicating this would be the drug they administered to new patients. There was no statistically significant variation between physician types in terms of the reported rates of warfarin use (p =0.28), no antithrombotic therapy (p = 0.21), aspirin (p = 0.24), Plavix (Clopidogrel) (p = 0.11), or other treatments (p = 0.46). Table 4 shows the reasons reported for not prescribing warfarin, stratified by physician group. There were statistically significant differences between physician groups for all factors with the exception of the 'other' category. Generally, geriatricians differed in their responses to the other two disciplines. A significantly lower proportion of geriatricians indicated that risk of falls would be a reason not to prescribe warfarin, (geriatricians (G):47%; family doctors (FD): 71%; and internal medicine specialists (IMS): 72%). This was also the case for advanced age (G: 7.8%; FD: 31.1%; IMS: 25.8%). Geriatricians also indicated high levels of concern regarding expected poor patient adherence (G: 74.5%; FD: 49%; IMS: 66.4%), although this did not significantly differ from internal medicine specialists.
Standard AF treatment practice
Reasons for non-prescription of warfarin
Falls risk, bleeding risk and poor patient adherence were all highly cited reasons for not treating with warfarin. A significantly higher proportion of internal medicine specialists indicated that bleeding risk would be a barrier to the prescription of warfarin. Attitudes to monitoring and management issues differed across all three physician types with 53% of geriatricians indicating monitoring or management issues as reasons for nonprescription compared with only 15% of family doctors and 30% of internal medicine specialists. Table 5 describes the reported experience of adverse events among the three physician groups. Overall, bleeds had been more commonly experienced (60.3%) than strokes (31.4%). Internal medicine specialists were the most likely to report having seen both kinds of adverse events (Bleed 72.7%; Stroke 41.9%), and family physicians the least likely (Bleed 49.7%; Stroke 21.5%). 
Prescribing responses to vignettes
Warfarin prescription decisions were made by respondents for three hypothetical patients 1) low stroke risk, low falls risk; 2) high stroke risk, low falls risk; 3) high stroke risk, high falls risk; data are shown in Figure 1 .
The third vignette described a patient with a similar high stroke risk as in vignette 2, but with the addition of a risk of falls (3 times in the last year). Such occasional falls are not a contraindication of warfarin prescription. Warfarin use was lowest for the first vignette, although physician groups varied significantly (G: 15.9%; FD: 37.2%; IMS: 9.2%). For a patient with a high stroke risk and low falls risk, warfarin use was universally high, and did not differ between groups (G: 97.7%; FD: 91.2%; IMS: 95%).
Physician groups differed dramatically on whether the addition of a falls risk would change their decision to prescribe warfarin. Almost all (93.2%) of geriatricians reported that they would prescribe warfarin for such a patient; this did not differ significantly from the proportion that would give warfarin to a similar patient without the falls risk (97.7%). However, only 59.2% of IMSs and 37.8% of FDs would prescribe warfarin, compared to 95% and 91.2% respectively for patients without the risk of falls; this difference between physician groups was significant (Fisher's exact test p < 0.01, Pearson χ 2 (6) = 45.446, p < 0.01). Stated another way, while only 4.5% of geriatricians reported a different warfarin prescription decision between vignettes 2 and 3, the number was 36.7% for Internal Medicine Specialists and 54.1% for Family Physicians.
Finally, we combined the data from the three physician groups to examine whether prior experience with a patient having had a stroke or bleed would be related to reduced likelihood of warfarin given an occasional risk of falls i.e. change in practice between vignettes two and three. Experience with having seen a serious bleed was not associated with that likelihood (χ 2 (3) =3.039, p = 0.386, Fisher's exact test p = 0.319, n = 308). However, experience with having seen a stroke in a patient not prescribed warfarin was a significant influence; those who had a patient experience a stroke while not receiving warfarin were more likely to persist with, or introduce, the prescription of warfarin in the presence of risk of falls (χ 
Discussion
Consistent with previous research, [11, 28, [35] [36] [37] [38] [39] [40] the present study observed variation in reported prescribing Kruskal-Wallis; P < 0.05. Subscripts denote a subset of physician group categories whose column proportions are similar at the P = 0.05 level. For example, columns both containing the subscript 'a' are similar, but can be differentiated from columns containing b. Columns containing 'a,b' cannot be differentiated from columns containing 'a' or 'b'.
practices for atrial fibrillation and the identification of variables such as perceived bleeding risk, fall risk, and expected poor patient adherence as commonly cited factors that would decrease physicians' likelihood of prescribing warfarin. While previous studies have indicated the role of factors such as perceived risk of falls as a barrier to warfarin prescription, [2, [21] [22] [23] we further this research by analyzing the impact on prescribing decisions across different physician populations. Our results demonstrated a high reported used of warfarin, with all physician groups stating that they prescribe warfarin to 70-75% of their patients with atrial fibrillation. This suggests that there is no one group of physicians that is wildly different in their planned use of the drug, either because of a lack of knowledge about outcomes, or relevant practice differences. These rates must, however, be cautiously interpreted given the selfreported nature and are above the typical estimates of current warfarin use, which have been reported to be as low as 19%, but as high as 78% [11, 28, 32] . However, a strength of the present study is the comparisons made across different physician specialties and the reported differences in reasons for not prescribing warfarin. Specifically we identified a differential effect of risk of falls on prescribing decisions.
Several potential limitations of this study warrant consideration. Our response rate was only 32.5%, although this is similar to previous surveys with physicians regarding treatment practices [37, 38, 41] . We attribute this in part to the length of the survey, which was six pages in length and required some effort to complete. While there were no clear differences on available variables between responders and non-responders, and response rate was similar across physician groups, our limited knowledge about non-responders leaves open the possibility of a response bias. A second limitation is that the data were collected in 2007, and since then a number of new alternatives to warfarin have become available. However, a number of questions remain over the use of new therapies due to (1) the significantly increased costs over warfarin and (2) the concern regarding the treatment of side effects -such as bleeding. Until these issues have been addressed warfarin is likely to remain an important treatment for atrial fibrillation.
Our results indicate that physician groups differ in terms of the barriers reported to affect warfarin-prescribing decisions. While previous research identified geriatricians as being more likely to indicate warfarin prescription than other physicians types, [42] it only compared responses to two scenarios that varied in several aspects. Our results provide increased clarity on this issue and suggest that Figure 1 Stated rates of treatment with conventional warfarin for each scenario (n = 312). Percentage of physicians reporting that they would prescribe conventional warfarin (INR 2.0-3.0) for each of the scenarios presented in Table 1 .
geriatricians seem to consider bleeding risk, risk of falls, and advanced age as less influential on prescribing decisions than the other physician groups. Similarly, family doctors were less likely than geriatricians to indicate they would be affected by logistical issues such as poor patient adherence and monitoring issues. One suggestion may be that family doctors may be more likely to refer these patients to other specialties and so may be less likely to experience adherence issues. Whether these group differences can be best explained by experience, training, or as a reflection of the capabilities of their respective patient populations requires further investigation. The subsequent development of tools such as HAS-BLED, [43] HEM-ORR2HAGES, [44] and ATRIA [45] for the assessment of bleeding risk -and which explicitly incorporate advanced age -may assist standardizing risk assessments for bleeding as part of the clinical assessments as to the net clinical benefit of oral anti-coagulants, [46] although there remains an ongoing need for assessment of prospective clinical utility. Prior experience of patients suffering adverse events also appeared to affect prescribing practice. Aggregated physician data indicated a positive association between experience of a patient suffering a stroke when not prescribed warfarin and an indication that they would continue or instigate prescribing of warfarin in the presence of falls risk. We did not, however, find an association between experience of adverse bleeding and warfarin prescription in the presence of falls risk. This finding is consistent with several other survey-based studies [22, 41] . Using a cross-sectional survey of physicians within the American Medical Association, Gross et al., [41] reported more physicians to experience regret over acts of omission (not prescribing warfarin and then stroke) than commission (prescribing warfarin then bleed) and an associated increase in stated warfarin prescription when presented with a range of case vignettes [41] . This accords with Australian data from family physicians [22] in which one fifth felt responsible for acts of commission leading to hemorrhage, whilst just under a third reported they would feel responsible for an act of omission that lead to an ischemic stroke. However, in a study of actual prescribing and past patient bleeding/ stroke, an association between physician experience of serious bleeding and reduced warfarin prescription was found [25] . This may point to a disagreement between selfreported and actual behavior which indicates an important area requiring further study.
Overall, and consistent with previous results, [22] we saw a general drop in the proposed use of conventional warfarin when the risk of recurrent falls was introduced within the vignettes. However, an intriguing result was the clear differences in how the different physician groups incorporate falls risk into their decisions. Inclusion of falls risk into an otherwise comparable, high stroke risk patient resulted in avoidance of warfarin in 37% of Internal Medicine Specialists, 54% of Family Physicians, and only 5% of Geriatricians. While older patients have not been included in clinical trials, and so one might expect geriatricians to be more conservative in their use of warfarin, geriatricians may have greater clinical experience with how warfarin might affect older patients through increased exposure to atrial fibrillation. They may, therefore, be basing their decisions on this clinical experience as opposed to trial data. Whether such differences in the stated use of warfarin in the presence of falls can be attributable to reasonable differences in practice, or whether it points to a misunderstanding of the risk associated with falls in one or more physician group is an important area for further research, particularly given the lack of trial data relating to older patients, those at increased risk of falls, and at higher risk of stroke.
Conclusion
Our study provides a number of insights into selfreported physician prescribing practice and the barriers to prescribing warfarin. Our results replicate previous studies and identify a number of potential barriers to warfarin prescription, but have identified differing impact across physician populations. In particular, we note the variation regarding adverse events on stated prescribing practice; prior experience of a patient suffering a stroke when not prescribed warfarin was positively associated with an intention to prescribe warfarin, even in the presence of falls risk. The indication that physicians of differing specialty don't report significantly different rates of practice may indicate that general educational interventions will be ineffective. Rather, specific patient-or practicelevel feedback may be appropriate. Harnessing the potential of electronic medical records and techniques such as audit and feedback, [47, 48] may provide 'personalized' feedback on clinical practice that will be both more salient and informative with respect to monitoring prescribing practice for warfarin [49] . Our results provide insight into where variation in physician decision making occurs and may point to relevant elements to be included in such feedback. Despite this suggestion, there remains a need for further research to explore how physicians weight specific indicators under different scenarios and to investigate how new agents will modify decisions given the notable impact of monitoring on physician practice.
Additional files
Additional file 1: Survey of Canadian Physicians -Use of antithrombotic therapy for Atrial Fibrillation.
Competing interests
There are no conflicts of interests to declare.
